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Abstract 
The Zachman Framework allows a whole enterprise approach to quality by structuring the Bayesian consideration of quality 
measures throughout the health system enterprise and its multidimensional aspects. The idea is to summarize the state of quality 
at the health care enterprise level by considering the state of quality at the business, system, technology, and component and 
operations levels.  In addition, the areas of processes, networks, organization, timing, motivation and inventory are considered
within the 36-cell Zachman Framework as customized for healthcare enterprises. Bayesian inference may also be employed to 
update quality distributions in limited and particular areas of the enterprise where quality information is not available; in these
cases, a temporary yet reasonable inference may be draw based upon quality performance measures available in complementary 
and incommensurate areas of the enterprise.  Analyses are conducted which show correlation impacts and the importance of 
interrelationships throughout a healthcare enterprise.  The collection and collocation of quality measures allows ready tests for
the coherence and consistency of enterprise improvement campaigns.  For example, the framework supports the determination of 
whether the enterprise is driven by functional sections, or whether it is more characterized by strata as a hierarchical organization. 
© 2011 Published by Elsevier B.V. 
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1. Introduction: Zachman Framework 
The Zachman enterprise framework was invented by John Zachman in 1980 for IBM, and is now in the public 
domain. The framework borrows from business design principles in architecture and manufacturing and provides a 
way of viewing an enterprise and its information systems from different perspectives, and showing how the 
components of the enterprise are related. In today’s complex business environments, many large organizations in the 
healthcare field have great difficulty responding to change. Part of this difficulty is due to a lack of internal 
understanding of the complex structure and components in different areas of the organization, where legacy 
information about the business is locked away in the minds of specific employees or business units, without being 
made explicit. The Zachman framework provides a means of classifying an organization’s architecture. It is a 
proactive business tool, which can be used to model an organization’s existing functions, elements and processes - 
and help manage business change. Although the framework can be used for information systems architecture (ISA) 
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and is widely adopted by health care computer systems analysts and database designers, John Zachman has stressed 
that it extends to the entire enterprise architecture, and is not restricted to simply information architecture. The 
Zachman enterprise framework is represented and promoted by the ZIFA (Zachman Institute for Framework 
Advancement) organization. It is not yet a standard but there are similar enterprise frameworks that have been 
derived from it, such as the Federal Enterprise Architecture Framework (FEAF), The Open Group Architecture 
Framework (TOGAF), and the Department of Defense Architecture Framework (DoDAF).
2. Improving Investment in a Healthcare Enterprise: A Zachman-Bayesian Approach 
In this work, a different approach will be taken toward improving quality throughout a healthcare enterprise.  Instead 
of investing money in order to improve quality in a specific area of the enterprise, investments will be made in the 
different aspects of the enterprise, which are columns in the framework. Here, “investment” is taken to be equivalent 
to quality improvement, for practical purposes.  In general, an enterprise is so large and complex that it is difficult to 
determine the discrete or definite results of a specific investment.  Even if such targeted investment results were 
obtainable, the number of test investments needed to characterize the internal connections or relations of the 
enterprise are too numerous to attempt.  The number of relation is the same as the number of connections in a fully 
connected network with 36 nodes.  Using Equation 1, we find that the number of connections is equal to 630. 
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Therefore, this paper considers an experimental investment strategy, where the results of an investment in a 
particular aspect are recorded.  In this scheme, only 36 relations need to be determined; these are the conditional 
probabilities translating quality investment in an aspect (column) into quality improvements at the 6 levels in the 
enterprise.  Similarly, for investments at the 6 levels of the enterprise, experimentation can determine the 36 
conditional probabilities that determine the translation of quality into the 6 aspects of the enterprise.  Notice that a 
total of 72 translating conditional probabilities need to be determined, since in general the directionality of 
investments in quality will be significant.   The experimentation proceeds as described in the process below.  Figure 
1 shows a Zachman enterprise framework where the different cells are each characterized by one Level and Aspect 
of the enterprise, where:  Li = Level I, and Ak = Level k.
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Figure 1:  Zachman framework with Levels and Aspects 
In the example that follows, we are predominantly interested in increasing the quality of the enterprise by influence 
the organization via the aspects, which can be enhanced through effort.  It is assumed that only positive effects are 
present. For example, an increased focus in where things occur in the organization is usually modernly concurrent 
with an upgrade of the enterprise Network.  Investment in the Network will, in a particular enterprise, have a 
different proportional impact on different levels of the organization.  So, in this specific example, an investment in 
the Network will have the following proportional impacts:  0.05 on the Scope level, 0.15 on the Business level, 0.30 
on the System level, 0.15 on the Technology level, 0.20 on the Component level, and 0.15 on the Operations level.   
Figure 2 shows this example. 
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Figure 2:  Where/Network proportional impacts on levels 
The proportional impacts can be phrased in terms that are used in Bayes’ Theorem, namely, as conditional 
probabilities.  Note that in this paper, we use sets of normalized fractions, while Bayes’ Formula actually describes 
sets of normalized probabilities.  However, both mathematical entities are described identically with the Bayesian 
formalism.  In the rest of this paper, we use Bayes’ formula to describe sets of normalized fractions. 
In the example, the focus for improvement was in the Where/Network aspect A3; this is the imposed “condition” 
that is a part of the conditional probabilities that L1, L2, L3, L4, L5 or L6 are impacted.  The generic term and 
mathematical notation for such conditional probabilities is:
.)|( ki ALP
This is the Conditional Probability of Li, given Ak. This can be read, in a specific example, as:  
Focusing on the condition of Ak, Consider k as particular value, say k =3, Focusing on A, what is the 
‘probability’ of Li.
In other terms:  What is the proportion of a quality effort at A3 that goes into Li, where i = 1, 2, 3, 4 and 5. 
In the example above,  
05.0)|( 31  ALP , 15.0)|( 32  ALP , ,30.0)|( 33  ALP 15.0)|( 34  ALP , 20.0)|( 35  ALP 15.0)|( 36  ALP
The full Zachman framework can now be filled in with proportional impacts or, conditional probabilities in the 
formalism of Bayes’ Theorem.  See Figure 3.
Figure 3: Conditional probabilities in each cell translate quality Aspects into quality in the Levels 
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Note the necessary condition that the sum of conditional probabilities, for all possible outcomes, given one 
condition, should equal unity.  In this case, the condition is a restriction of focus to Aspect k. 
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This says that the sum of conditional probabilities in each column should equal unity (1).  We have been examining 
the translation of quality/effort of a single aspect into quality/effort proportional effects at the levels L1-L6.  Next, 
let’s examine what happens in the presence of some quality/effort in each of the aspects, A1-A6.  Say, for example, 
that a total investment is made to improve the enterprise. The investment is split into fractions that will be invested 
in the individual aspects A1-A6.  These fractional investments in the individual aspects can be written as:   
03.0)( 1  AP , , , ,09.0)( 2  AP 13.0)( 4  AP 17.0)( 4  AP 25.0)( 5  AP , 33.0)( 6  AP
First, let’s examine how the investment in aspect A3, Where/Network, will impact the levels L1-L6, given the fact 
that the investment in Where/Network is only 0.13 of the total investment in the enterprise.  
In Bayesian terms, this is called the “Prior Distribution.” 
Figure 4: Investment /quality translation to each level 
What we are looking at is: 
)()|( kki APALP  or )()|( 33 APALP i
Next, we ask the question pertinent to a single level:  What is the total effect on one level, given inputs from all six 
aspects?  The answer is given in the following mathematical expression, which is illustrated in Figure 5. 
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For this illustration, we need to know the six (6) conditional probabilities, which we will assume have values as 
follows: 
06.0)|( 12  ALP , 16.0)|( 22  ALP , ,15.0)|( 32  ALP 26.0)|( 42  ALP , 21.0)|( 52  ALP , 16.0)|( 66  ALP
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Figure 5:  Total effect on one level from inputs from all six aspects 
The summation on the left hand side is one of the six components of a “marginal distribution” in the levels. 
In order to see the meaning of Bayes’ Formula for the Zachman Framework, let us consolidate the six (6) 
multiplicative products we just used and show them graphically in Figure 6. 
P(L2|A1)P(A1)
=0.0018
P(L2|A2)P(A2)
=0.0144
P(L2|A3)P(A3)
=0.0195
P(L2|A4)P(A4)
=0.0442
P(L3|A5)P(A5)
=0.0525
P(L2|A6)P(A6)
=0.0528
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Figure 6: Multiplicative components of the sum, in our specific example 
Now, let’s indicate in a mathematical formula the six (6) contributing additive components of the marginal 
probability:  
1852.0)()|()( 22 ¦
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If we normalize the six (6) contributing additive components of this marginal probability by dividing each one by 
the P(L2), marginal probability of level 2, what we get is shown in Figure 7. 
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Figure 7:  Normalized components of a translation from L2 to all Aspects 
These results are conditional probabilities, given the condition of having chosen a particular level, and are the 
“Posterior Probabilities” in Bayes’ formula in its discrete form. )|( ik LAP
Note that the addition of the six of these conditional probabilities, called the posterior probabilities, add up to unity 
(1) for each row. Now, we have translation probabilities in the opposite direction.  That is, given the increase in 
quality at a certain level, we will know what fraction of that quality comes from investment in each aspect. 
3. Conclusion 
All the above components are related through Bayes’s Theorem as applied in the Zachman framework.   
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Now we can see the full significance of Bayes’ formula as applied in a quality investment scenario in an enterprise. 
The idea behind this investment framework and process is to intelligently target investments in the aspects and 
levels of the enterprise in order to achieve any desired balance of quality throughout the enterprise.  This approach is 
unique in that enterprise investments have not previously been formulated as investment in aspects or levels of an 
enterprise. However, this approach facilitates holistic enterprise quality by using an efficient process for 
characterizing the relations in the enterprise. 
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